The effects of applications of 6-benzylaminopurine (BAP), gibberellic acid (GA3), and abscisic acid (ABA) on the root formation of grapevine hardwood cuttings were investigated. BAP suppressed rooting of grapevine cuttings completely, whereas GA3 and ABA inhibited it temporarily. Endogenous indoleacetic acid (IAA) in cuttings treated with BAP increased linearly to 12.6 and 19.4 times per cutting and per g fresh weight, respectively, over the control for 30 days after planting. In cuttings treated with GA3, the level of diffusible IAA was higher than that of control cuttings through the experimental period; the fluctuation pattern of extractable IAA was similar to that of the control. In cuttings treated with ABA, the extractable IAA content was significantly lower than that in control cuttings 10 days after planting. The fluctuation pattern of endogenous IAA in BAP treatment was different from that in GA3 and ABA treatments. Cuttings treated with BAP presumably failed to root because the level of endogenous IAA was unbalanced. GA3 may inhibit root formation directly whereas ABA may cause inhibition of rooting by depressing the bud activity.
Introduction
Growth regulators play an important role in the organogenesis of plants. The plant growth regulator, auxin, affects rhizogenesis, i. e. promotes root formation. Other phytohormones are also known to affect root formation when applied exogenously.
Cytokinins and gibberellins generally inhibit adventitious root formation (Ernsten and Hansen, 1986; Hansen, 1988; Van Staden and Harty, 1988) . In hypocotyls of sunflower, however, a low level of cytokinin increased root primordia formation (Fabijan et al., 1981) . Gibberellin enhances root formation in several species and under certain environmental conditions (Hansen, 1988) . The application of abscisic acid (ABA) may induce a number of responses pertaining to adventitious root formation in cuttings whereas ethylene may stimulate root initiation.
Grape cuttings often induce roots without exogenous auxin treatment. That endogenous auxin (IAA) increased in cuttings when the root initiation began and decreased when the root appeared was reported previously (Kawai, 1966 
IAA Analysis
The IAA sample was partially purified using aminopropyl bonded phase column as described previously (Kawai, 1996) . Fujii and Nakano (1974) showed that basal soaking of 'Delaware' grapevine cuttings with cytokinin (BAP and kinetin) and GA3 inhibited rooting, whereas ABA promoted it. Experiments in which cytokinin promoted adventitious root formation of cuttings are rare. In my ex- periment, the application of BAP greatly increased the extractable IAA of cuttings but GA3 did not. Skoog and Miller (1957) discovered that root and shoot initiation in vitro is regulated by interactions between auxin and cytokinin; the high auxin concentrations in the presence of low cytokinin levels promote root formation. Although the increase in endogenous IAA result in high concentration of auxin relative to cytokinin, the grapevine cuttings failed to root. I assume that the BAP-treated cuttings failed to control endogenous IAA metabolism or to keep suitable IAA levels for root formation. 
